Rev Bras Cir Cardiovasc 2002; 17(4) Results: The overall hospital mortality was 8.8% (17 patients). Univariate analysis showed that the following variables were associated with higher mortality rates: advanced New York Heart Association functional class, decreased left ventricular ejection fraction, decreased prothrombin activity, increased creatinine level, longer aortic cross-clamping time, prolonged cardiopulmonary bypass time, concomitant associated procedures, and higher intraoperative bleeding volume. Logistic multivariate analysis identified advanced New York Heart Association functional class, creatinine level higher than 1.5 mg/dl, and cardiopulmonary bypass time longer than 120 minutes as independent predictors of hospital mortality.
INTRODUCTION
Patients submitted to valvar reoperations make up a very heterogeneous group, since they include patients with structural dysfunction of bioprostheses or valvar restenosis, endocarditis in prostheses, para-valvar escape or mechanical prosthesis thrombosis. These patients present a variety of clinical conditions, that can be asymptomatic, oligosymptomatic or are even suffering from cardiogenic shock. Surgical intervention in reoperation demands technical accuracy and special care, essential for good results.
In our area, the number of valvar reoperations is big, due mainly to the ample utilization of bioprostheses that have a life span limited by structural dysfunction. In the period from 1980 and 1999, at the Instituto do Coração, among 7,544 valvar operations, 5,502 prostheses were implanted, with 4,535 bioprosthesis, corresponding to 82.4%. Of these operations, 22.8% were reoperations.
In international literature, various univariate [1, 2] and multivariate analyses have been carried out identifying risk factors of hospital morbidity and mortality. Few works in our area [5, 6] have analyzed risk factors of valvar reoperations, and there have been no multivariate analysis of these factors, something that has not clearly identified independent risk factors of the mortality in this population.
The objective of the present work, is to identify risk factors of hospital mortality in patients submitted to valvar reoperations at the Instituto do Coração of the Medical School of the University of São Paulo.
METHOD
In the period from July 1995 to June 1999, a prospective analysis of 194 consecutive patients submitted to valvar reoperations was effected. Only patients with a history of valvar operations were included in this study.
The indication of reoperation was bioprosthesis structural dysfunction in 129 patients (66.5%), calcification in 59 and rupture in 70; dysfunction of a mechanical prosthesis in 9 patients (4.6%); out of which 1 had thrombosis of the prosthesis and 8 had para-valvar escape; endocarditis in prosthesis in 13 patients (6.7%); endocarditis in native valve in 1 patient (0.8%), restenosis in native valve in 32 patients (16.5%) and post-plastic mitral insufficiency in 10 patients (5.1%). The etiology of the primary valvar lesion was rheumatic fever in 146 patients (75.3%), degeneration in 20 (10.3%), endocarditis in 14 (7.2%), congenital in 12 (6.2%), dilated cardiomyopathy in 1 (0.5%) and trauma in 1 (0.5%).
The interval between the operations ranged from 1 month to 43 years, with average of 8.1 + 6.2 years. Valvar replacements were performed in 178 patients (91.7%), with utilization of bioprosthesis in 144 (74.2%) and mechanical prosthesis in 34 (17.5%). Sixteen patients underwent conservative procedures.
Seventy-seven patients (36.7%), older than 40 years or with risk factors to coronary disease, went through cineangiocardiography and critical coronary lesions were identified in 3 patients (1.5%). These were submitted to coronary artery bypass grafting with saphenous vein graft, all coincidentally to the right coronary artery. In 6 patients (3.1%) with endocarditis we found aortic valvar ring abscesses, which were treated through direct suture in 5 patients (2.6%) and through reconstruction with bovine pericardium flap in 1 patient (0.5%). In 1 patient (0.5%), we found a mitral valvar ring abscess, which was treated by direct suture.
Access was gained via median sternotomy, performed with a circular-oscillating saw. The left pleura was systematically opened, allowing adequate mobilization of the heart. We continued with the dissection of the right atrium and of the aorta. Cardiopulmonary bypass was established through the catheterization of the ascending aorta and of the superior and inferior cava veins. Myocardial protection was performed through moderate hypothermia at 28ºC associated with topical hypothermia and St. Thomas type crystalloid cardioplegic solution every 25 minutes, via anterograde. For patients who already had prosthesis, removal was effected by withdrawing the previous suture threads allowing traction of these prostheses with Mayniham type forceps and their progressive separation from the valvar ring. After removal of the prosthesis, the excess of fibrosis or remnants of tissues of the previous implants were systematically removed from the valvar ring.
Pre-operative variables
The following clinical variables were analyzed: gender, age, functional class (FC), number of previous operations, type of previous operation, heart rhythm and character of the operation.
A hundred and twenty-four patients (63.9%) were female and 70 (36.1%) were male. Ages ranged from 6 to 83 years old, average 47.4 + 17.3 years old. For the purpose of risk analysis, they were divided into the following age brackets: under or 16 years old (15 patients), from 17 to 65 years old (144 patients) and over 65 years old (35 patients). The FC in 20 patients (10.3%) was FC II, 104 (53.6%) it was FC III and 70 (36.1%) it was FC IV.
The average number of previous valvar operations was 1.4 + 0.7; 127 (65.5%) patients had undergone 1; 52 patients (26.8%) had undergone 2; 13 patients (6.7%) had undergone 3; and 1 patient (0.5%) had undergone 5 previous valvar operations. According to the type of previous valvar operation, 43 (22.2%) patients had been submitted to conservative surgeries and 151 (77.8%) to valvar replacements.
A total of 126 (64.9%) patients presented sinus rhythm, 67 (34.5%) presented atrial fibrillation and 1 (0.5%) showed total atrioventricular blockade with a universal atrioventricular pacemaker. Five operations (2.6%) were performed in an emergency situation and all the remainder was elective. The indication of emergency was acute pulmonary edema in 4 patients and septic shock in one.
The following doppler echocardiographic parameters were analyzed: left ventricle ejection fraction (LVEF), left ventricle diastolic diameter (LFDD), left ventricle systolic diameter (LVSD) and right ventricle systolic pressure (RVSP), all of which were stratified in accordance with normal or altered valves. LVEF varied from 29 to 85%, with an average of 68.4 + 9.3 %; LFDD ranged from 3.4 to 10.7 cm, with a mean of 5.4 + 0.9 cm; LVSD varied from 2.1 to 8.5 cm, with an average of 3.6 + 0.8 centimeters. RVSP varied from 20 to 120 mmHg, with an average of 56.9 + 19.9 mm Hg.
The following laboratory variables were analyzed: creatinine serous level, activity of prothrombin (AP), activated partial thromboplastin time relation (APTTr) and platelet count, which were divided according to normal or altered values, as per the measurement methods utilized. 
Intra-Operative Variables
The following intra-operative variables were analyzed: cardiopulmonary bypass time, aortic cross-clamping time, the number of valves, the type of procedure, the position, associated operations and the volume of intra-operative bleeding.
Cardiopulmonary bypass time varied between 34 and 247 minutes, with an average of 110.6 + 34.6 minutes. The patients were divided in two groups: with cardiopulmonary bypass time less than or equal to 120 minutes (134 patients) and more than 120 minutes (60 patients). The aortic crossclamping time was from 22 to 214 minutes (average 91.2 + 31.3 minutes), the patients were divided into: less than or equal to 90 minutes (115 patients) and more than 90 minutes (79 patients).
The volume of intra-operative bleeding varied between 1.1 and 52.0 ml/Kg of weight. For risk analysis, we split the patients into two groups, according to the mean bleeding value (8.6 ml/Kg): less than or equal to 8.6 ml/Kg (120 patients) and more than 8.6 ml/Kg (74 patients).
A total of 121 patients (62.4%) had 1 valve approached, 55 (28.3%) 2 valves and 18 (9.3%) 3 valves. Sixteen patients (8.2%) underwent conservative operations, 144 (74.2%) underwent bioprosthesis implantations and 34 (17.5%) underwent implantations of mechanical prostheses.
The mitral valve was treated in 73 patients (37.6%), aortic in 45 (23.2%); mitral and aortic in 32 (16.5%); mitral and tricuspid in 23 (11.8%); mitral, aortic and tricuspid in 18 (9.3%); tricuspid in 2 (1.0%) and aortic and tricuspid in 1 (0.5%). Seven patients (3.6%) underwent surgical treatment of ring abscesses and 3 (1.5%) underwent coronary artery bypass grafting.
Statistical Analysis of Data
To assess the predictive factors of the occurrence of death, an association of the pre-and intra-operative variables with mortality was made, using univariate analysis and the Pearson Qui-squared test, or the Fisher exact test, for variables with low frequencies.
After, the selected variables in this analysis were used for the adjustment of logistic regression models, [7] to assess which variables were more strongly associated to the probability of death. The level of significance for analysis was 5%, and all the calculations were made by means of the Statistical Analysis System. [8] Death was considered as having occurred on any postoperative day during the hospital stay. [9] RESULTS Hospital mortality was 8.8% (17 patients). The main cause of mortality at hospital was low cardiac output in 6 patients (35.3%). Other causes were multiple organ failure in 5 patients (29.4%), sepsis in 3 (17.6%), adult respiratory distress syndrome (ARDS) in 1 (5.9%), stroke in 1 (5.9%) and a coagulation disorder in 1 patient (5.9%).
Univariate Analysis
The variables FC, LVEF, creatinine serous level, AP, bypass time, aortic cross-clamping time, associated operations and bleeding volume were predictive of hospital mortality. (Table 1) FC: functional class; LVEF -left ventricle ejection fraction; APactivity of prothrombin; BT -cardiopulmonary bypass time. 
Gender did not influence mortality significantly, although it was higher in the women (10.5%) than in men (4.7%). Age was not predictive of mortality either, death was absent in under 16-year-old patients, 9.0% in patients from 17 to 65 years old and 11.4 % in patients over 65. The number of previous operations did not interfere significantly, although it was higher in the first reoperation (10.3%) than in the second (5.9%) or the third one (6.7%). There was no mortality in the fourth or fifth reoperations. Patients with previous conservative operations had a 2.3% mortality rate, against 10.6% in the patients with previous valvar replacements. The heart rhythm and the character of the operation were not predictive of hospital mortality, either.
The Doppler echocardiographic variables LFDD, LVDS and RVSP and laboratory variables APTTr and also the platelet count of did not influence significantly hospital mortality.
The number of valves was not predictive of mortality, although it was lower in the patients with 1 valve (5.8%), than in those with 2 (14.5%) or 3 valves (11.1%). The type of procedure was not a risk factor either, mortality was absent in conservative procedures, 2.9% in the implantation of mechanical prostheses and 11.1% in the implantation of bioprosthesis. Mortality was seen in 2.7% of mitral valve patients, 8.9% of aortic valve patients 9.4% of mitral-aortic valve patients, 21.7% of mitral-tricuspid valve patients, 11.1% of mitral-aortic-tricuspid valve patients and 33.3% of the remaining associations.
Multivariate analysis -logistic regression
Considering the pre-and post-operative variables that presented significance in the univariate analysis, logistic regression was adjusted to assess the importance of such variables, on the occasion of hospital death. In Table 2 the results of this adjustment are presented. the population, which, in view of its productive life limited by structural dysfunction, require new surgical interventions. In our casuistic, 66.5% of the patients presented rupture or calcification of bioprosthesis.
Hospital mortality in valvar reoperations, in general, is considered higher than mortality of first operations. In this series, global mortality was 8.8%, 2.7% for the mitral valve and 8.9% for the aortic valve. ANTUNES & MAGALHAES [10] describe 12% mortality for reoperations of mitral prosthesis and ANTUNES [11] describes 9% for aortic prosthesis. JAMIESON et al., [12] in a multicenter study from the Database Committee of the Society of Thoracic Surgeons, analyzed 86,580 patients submitted to valvar operations between 1986 and 1995, with mortality rates of 5.9% for elective aortic reoperations and 6.2% for elective mitral reoperations. In our group, BARROZO et al. [13] described 9.89% of hospital mortality in 697 patients who underwent valvar reoperations.
Pre-operative FC is, undoubtedly, an important predictor of hospital mortality. Several authors [14] [15] [16] identified FC IV as an independent predicting factor of mortality. According to HUSEBYE et al., [17] in an analysis of 552 valvar reoperations performed at the Mayo Clinic, hospital mortality was significantly higher in FC IV. They recommended that, when a significant prosthetic dysfunction is diagnosed, surgical intervention is to be assigned, even in oligosymptomatic patients, in order to minimize the operative risk and to improve late survival.
LVEF was an independent risk factor in hospital mortality. BORTOLOTTI et al. [1] demonstrated that patients who survived the immediate post-operative period, had significantly bigger LVEF. TURINA & TURINA [18] did not show statistically significant differences among patients with LVEF lower and higher than 50%.
Serous creatinine also considerably influenced hospital mortality. BIGLIOLI et al., [4] in an univariate analysis of continuous variables, identified the serous creatinine level as predictive of hospital mortality, in agreement with our results. AKINS et al. [19] demonstrated the influence of preoperative renal failure in the hospital morbidity and mortality, an independent predictive factor in the multivariate analysis, as was also presented by PIEHLER et al. [14] AP was also, a predictive factor of hospital mortality in the univariate analysis. AP alterations show depletion of dependent vitamin K factors, mainly with factor V at normal levels. There are no reports in the literature correlating AP with hospital mortality.
Cardiopulmonary bypass time greatly influenced hospital mortality in a multivariate analysis. This risk factor was also described by several authors, such as BIGLIOLI et al. [4] and CAUS et al. [20] The long cardiopulmonary bypass time is related to other factors, such as prolonged operations, FC -functional class; BT -cardiopulmonary bypass time; SE -Standard Error OR -Odds Ratio; CI -confidence interval Table 2 . Logistics Regression: independent variables.
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COMMENTS
The number of valvar reoperations has increased in the last few years due to several factors. These include: longer survival after valvar operations, increasing life expectancy of the population and wide utilization of bioprosthesis in multiple valvar operations, ring reconstruction in endocarditis with ring abscesses, or patients with ventricular dysfunction, who need circulatory care for a longer period. The aortic cross-clamping time was also predictive of hospital mortality, giving support to various works in the literature, as in the case of BIGLIOLI et al. [4] and PANSISI et al. [16] This is a variable which is also directly related to the technical complexity of the operation.
The presence of associated operations was also predictive of hospital mortality in the univariate analysis, as was reported by BORTOLOTTI et al., [1] PIEHLER et al. [14] and RIZZOLI et al. [15] In our series, the association with the surgical treatment of the valvar ring abscess was responsible for this result. The valvar ring abscess is a disease associated with high hospital morbidity and mortality, as demonstrated by LYTLE et al. [21] and POMERANTZEFF et al. [22] The volume of intra-operative bleeding was also a mortality predictive factor in the univariate analysis. This variable has not been described in the literature, as predictive of hospital mortality and is not an independent variable.
In relation to gender, our results were similar to those described by COHN et al. [23] and ANTUNES, [24] who did not find influence of gender on hospital mortality. Age was not a predictive factor either of mortality. Some authors, like PIEHLER et al., [14] identified age as an independent factor of hospital mortality in valvar reoperations.
Although mortality was greater in the first rather than in the second or third reoperation, this difference in the previous number operations was not statistically significant. In the series presented by PIEHLER et al., [14] either the number of previous heart operations or the number of previous valvar operations was predictive of mortality in the multivariate analysis.
Patients with previous conservative operations presented a hospital mortality of 2.3%, while those who underwent previous valvar replacements, had a mortality rate of 10.6%; however, this difference was not statistically significant. A similar result was presented by LYTLE et al., [3] which reinforces the indication of conservative valvar procedures, whenever possible.
Atrial fibrillation can be a risk factor of hospital mortality, as it can provoke low cardiac output in the post-operative period or predispose patients to thromboembolic accidents. In the literature, atrial fibrillation is identified as a risk factor in valvar operations. [25] In our series, as well as in that of ANDRADE et al., [26] atrial fibrillation did not statistically influence mortality hospital.
Several authors, such as BORTOLOTTI et al., [1] BIGLIOTI et al., [4] RIZZOLI et al., [15] PANSISI et al., [16] HUSEBYE et al. [17] and AKINS et al., [19] identified the emergency character of valvar reoperations as an independent predictive factor of mortality. In our series, mortality was absent in emergency reoperations, but this situation related to only 5 cases.
The LFDD and LVSD did not influence hospital mortality, as reported by BIGLIOLI et al. [4] According to CARABELLO et al., [27] the only independent predicting factor of bad evolution after valvar operation is the systolic volume rate. The hospital mortality did not suffer significant RVSP influence, either. In the multivariate analysis presented by BIGLIOLI et al., [4] the value of the pulmonary artery pressure did not influence mortality significantly. A similar result was obtained by AKINS et al., [19] who analyzed the systolic pressure of the pulmonary artery.
Other alterations in the coagulation examinations such as APTTr and the platelet count were not identified as risk factors of hospital mortality, although mortality was higher in patients with these alterations.
The number of approached valves was not predictive of hospital mortality either. This variable was identified as a risk factor of mortality in other series of the literature. [14, 16] The position was not a predictive factor of mortality either, although it was lower in the mitral position. ROSSITER et al. [28] suggested that the disparity between the aortic and mitral positions, can be explained by the higher occurrence of endocarditis in prosthesis in the aortic position. On the other hand, LYTLE et al. [3] associated these results to the greater association of the coronary arterial disease in the aortic position. The type of procedure performed did not influence mortality significantly, with 11.1% for the replacement by bioprosthesis, 2.9% for the replacement of mechanical prostheses and 0% in conservative procedures.
COHN et al. [23] demonstrated the importance of the improvement of the technique for the results in the valvar reoperations. According to these authors, some alterations in the operative technique have contributed to the improvement of the results. These include the more frequent utilization of cardiopulmonary bypass via femoro-femoral, systemic hypothermia, sanguineous cardioplegia, monitoring in the post-operative period of the artery and pulmonary capillary pressures and of the central venous pressure, the use of a provisional atrial and ventricular pacemaker and the use of automatic intra-operative selftransfusion.
Another aspect highlighted in the literature, is the precocious indication of surgery in oligosymptomatic or asymptomatic patients [29, 30] with structural dysfunction of prosthesis. This avoids that such patients require operations in advanced functional class or in emergency conditions.
To sum up, the upgrading of techniques, the individual analysis of each case, with special attention to risk factors, to better prepare the patients in the pre-operative period, or to precociously indicate operations, are of fundamental importance to gain good results in valvar reoperations.
